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Abstract 
An experimental investigation of coir mesh reinforced cementitious composites (CMRCC) was 
conducted using nonwoven coir mesh matting in a manner similar to ferrocement. The main 
parameters in this study were the fibre volume fraction (number of mesh layers) and its surface 
treatment with a wetting agent. The composites were subjected to the four-point bending test. The 
flexural properties and ductility results were discussed. SEM micrograph analysis was also 
included to study the fibre/matrix interfacial characteristics. 
The results indicate that the addition of coir mesh to mortar significantly improves the composite 
post-cracking flexural stress, toughness, ductility and toughness index, compared to plain mortar 
materials. The Albatex© FFC wetting agent (2-Ethylhexanol) can effectively improve water 
absorption of coir fibre and enhance the fibre/matrix bonding strength. Such coir-mesh reinforced 
composites may find important applications in civil engineering as reinforcing materials. 
 
Keywords: C: Mechanical Properties; E: Fibre reinforcement; E: Mortar; E: Cement 
Manufacture; Coir fibre 
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1. Introduction 
Coconut (Cocos nucifera) is a multipurpose palm made up of an outer fibre called husk (35%) 
and a hard protective shell (12%). The coconut husk is comprised of  70% cork-like pith material 
and 30% coir fibre [1]. Fibre is extracted from the husk on a commercial scale by a mechanical 
decortication process. The extracted fibres are usually made into coir mesh matting (brown fibre) 
via a non-woven process. 
Coir fibre is abundant in many Asian countries such as India, Philippines, Indonesia, Sri Lanka, 
Malaysia and Thailand. Global production of coir reached about 320,000 tonnes in 2001 [2]. 
While coir fibre is cheap, it is also strong and durable, making it suitable for  use in the 
cementitious matrix for high performance structural elements [3-6].  
Literature on the properties of coir mesh reinforced mortar (CMRM) and its potential as cement-
based building materials is rather scarce.  
Coir fibre has poorer water absorbing ability than most cellulosic fibres such as hemp. The 
moisture regain of coir fibre is 10% at standard conditions and that of hemp is 14%. It is 
anticipated that increasing coir fibre water absorption will improve the fibre/matrix bonding. 
Albatex© FFC is a wetting and deaerating agent as well as a penetration accelerant, with durable 
foam suppressing properties for use in processing fibre with high content of alkali (the normal, 
PH value in cementitious materials is about 12). 
In this paper, the agent was used for defoaming and to improve water absorption. The 
performance of CMRM was evaluated against the conventional mortar. Two types of coir meshes 
(untreated and wetting agent treated) were investigated. The flexural elastic stress, maximum 
stress, elastic limit toughness (1D), 15.5D toughness, toughness indices (I30) and flexural 
ductility properties of CMRM composites were examined.  
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2. Experimental design 
2.1 Raw materials 
Coir mesh matting was supplied by Fibretex Pty Limited, Australia. Coir mesh of 5mm in 
thickness was used and some important properties of coir fibre are given in (Table 1). 
The cementitious material was from the Australian Tradesman GP Cement (Manufactured by 
Australian Cement Limited). The sand was local washed Granetic sand. Its apparent particle 
density was 2.48 ×103 Kg/m3, and water absorption ratio was 0.40%. 
The Albatex© FFC wetting agent was provided by Ciba Specialty Chemicals Pty Ltd, Australia.  
2.2 Specimen preparation 
Coir mesh was prepared prior to the mixing procedure. The 5mm thick mesh was cut to fit the 
steel moulds (100×100×350mm) with a Quartet® trimmer. The Albatex© FFC solution of 10% 
concentration was sprayed over the mesh uniformly at a ratio of 500ml solution per kg fibre, then 
the mesh was dried in a forced draft oven at 60℃ for 6 hours. 
Mortar was mixed in a laboratory mixer at a constant speed of 30rpm, with a cement:sand:water 
ratio of 1:3:0.43 by weight. After mixing for 5 minutes, the mortar was carefully poured into 
moulds. The CMRM composite test specimens (Figure 1) were cast with about 10mm mortar 
base followed by 1-3 layers of alternate coir mesh and 20mm mortar. All test specimens were 
vibrated on a vibration table (100Hz, driven by LG IC5 series) for 3-5 minutes until dense air 
bubbles stopped coming to the surface. 
After casting, the composites were allowed to settle inside the covered moulds at a room 
temperature of 24℃ for 24 hours. After hardening the samples were removed from the mould and 
cut into 50×50×175mm specimens. The specimens were batched and cured in a water tank at 
the same temperature for 6 days. After curing, specimens were conditioned at room temperature 
until the required testing date. 
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2.3 Testing Methods 
Four point bending tests on beam specimens at a span of 150mm were carried out on a LLOYD 
tensile machine at a constant loading rate of 1mm/min. The bending load, flexural stress, and net 
deflection over time were recorded.  
The scanning electron microscope (LEO 1530) was used to observe the microstructure of CMRM 
composites before and after fracture. This was to reveal the interfacial morphology formed during 
hydration of cement paste and the fracture status of the composites.  
The flexural toughness and flexural toughness indices (I30) of the CMRM specimens were 
calculated according to ASTM 1018. Each test result represents the average of 4 individual tests. 
Since the surface of the specimen can not be perfectly flat, there was excessive initial 
displacement before load was actually applied on the specimen. The amount of this displacement, 
which was defined as an interval from the beginning of the test until the point at which linear 
load increase is observed, was not used in the calculations of mechanical properties.  
3. Results and Discussion 
3.1 General behaviour 
It was observed that the position of the fibre meshes in the test samples changed slightly during 
casting. Such position changes did not lead to large differences in experimental results. In 
contrast, a slight difference in specimens’ dimensions has a significant influence on the flexural 
force. Therefore, the flexural stress and toughness were reported. The maximum flexural force 
and energy absorption are not discussed in this study. 
The experimental results are shown in (Table 2). The load-deflection curves of various mesh 
layers for flexure specimens of CMRM are shown in (Figures 2 to 4). These load-deflection 
curves represent one of four tests from each group. It can be seen from (Figures 2 to 4), the 
failure of the specimens without or with only one layer of coir mesh reinforcement, occurred 
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suddenly at the ultimate load. These specimens broke into two separate pieces in a brittle manner. 
This means that a single mesh layer can not change the brittle properties of mortar. However, 
specimens with two and three layers of reinforcement remained intact as one piece even after the 
maximum load was reached and continued to carry a significant amount of sustained load. From 
(Figures 3 and 4), it can also be seen that coir fibre surface treatment by the wetting agent reduces 
the brittleness of the CMRM material. 
3.2 Flexural stress 
As shown in (Figure 5), the flexural stress increases slightly as the number of layers of mesh 
increases. The elastic flexural stress is increased from 5.25 to 5.34MPa and from 4.96 to 
5.25MPa for untreated and wetting agent treated specimens, respectively. Results in (Figure 2) 
confirm that the elastic flexural stress of CMRM is acceptable compared to conventional mortar. 
Elastic stress, also called first-crack stress, means the load bearing performance of materials 
before their first macro-crack appearing on the surface. 
Although the use of coir mesh has apparently no significant influence on the elastic flexural stress 
of the composites, an increase in the number of mesh layers improved the maximum stress 
considerably. The maximum stress increases by up to 20% and 46% for untreated and treated 
specimens respectively when compared to the corresponding reference (plain mortar) specimens. 
3.3 Toughness and toughness index 
Flexural toughness (1D) is defined here as the area under the load-deflection curve up to a 
deflection where the first crack appears on the specimen. Toughness (15.5D) is the area up to 
15.5 times of the deflection of the first crack. Toughness index (I30) is calculated by dividing 
toughness (15.5D) by the toughness (1D). The calculated values are shown in (Table 2). 
(Figures 6 and 7) show coir mesh increased the flexural toughness and toughness index of 
CMRM significantly. Compare the flexural toughness (15.5D) results of three layer CMRM with 
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the reference mortar, untreated and treated mesh reinforced specimens increase 18 and 26 times 
respectively.  
The improvement in toughness index is mainly because of deflection hardening during post-crack 
of specimens as shown in (Figures 3 and 4). Deflection hardening behaviour improved as the 
number of layers of coir mesh increased; also, coir mesh layers improve bending stress loss after 
cracks appear in composites. 
Also from (Figures 6 and 7), there is a great difference in toughness index of the specimens cast 
with one and two mesh layers. It is possible that multiple-layer mesh arrangements can sustain 
higher tensile strength during the post-crack stage and are more effective in stress transfer from 
matrix to fibre. In this research, due to the limitation of specimens’ dimensions, a maximum of 
three mesh layers were investigated. The performance of composite material reinforced with 
more mesh layers should be studied further. 
Normally the interface between coir fibre and cement matrix is poor. Poor bonding is mainly due 
to the waxes and fatty substances on the surface of coir fibre [7]. These waxes repel the cement 
paste (solution) and prevent them from penetrating the coir fibres. The addition of the wetting 
agent reduces the interfacial surface tension between the water and the coir fibre surface; it also 
emulsifies some waxes on the fibre surface. Because of the removal of waxes and fatty 
substances on coir fibre surface, more capillarities happen inside coir fibre and therefore cement 
paste will penetrate into coir fibre more easily. Further details about the functions of wetting 
agents have been well stated in the literature [8] and will not be further discussed here. 
One disadvantage of wetting agent is that it may cause too much swelling when coir fibre is 
mixed with mortar and after setting, the fibre shrinks. This may lead to a reduction in interfacial 
bonding. However, this disadvantage has not manifested in the mechanical properties of the 
composites examined in this study. 
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3.4 Ductility 
As shown in (Figure 7), coir meshes improve the flexural ductility of the CMRM composites. 
The number of layers (fibre content) is also a key factor affecting the flexural ductility. In general, 
ductility of two and three layered CMRM specimens increased in a similar way as flexural 
toughness and both achieved quite large improvement (about 20 times) against the reference 
mortar. However, the average performance of the fibre wetting treated group was about 20% 
greater than that for the specimens of the untreated group (only 2 and 3 layer specimens were 
counted). 
In both untreated and treated mesh reinforced composites, apparent multiple-cracks occurred only 
in three layer CMRM specimens as shown in (Figure 8). 
3.5 SEM Microstructure Analysis 
The failure surfaces were closely observed under the SEM. A small amount of fibre segregation 
was noted. The fibres were partly in a state of debond (pull-out) and partly in tensile failure 
(broken). It can be seen from (Figures 9 and 10) that the fibre surfaces have already formed a 
hydration surface with cement paste. However, the surface of untreated coir fibre had only a thin 
cement paste layer, and the surface of treated fibre had a much thicker cementitious layer, even 
crystal on it.  
This may explain why fibre/matrix bonding strength is weaker in the untreated group than in the 
treated group and also the difference in fibre mesh performance in the two groups. 
Due to the difference in fibre surface condition and bonding strength, most of coir fibres in the 
first group were pulled out instead of broken during fracture, resulting in so many small cavities 
in the surface of matrix as shown in (Figure 11). 
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In (Figure 12), it is noticed that some fibres were broken rather than being pulled out. Also, 
micro-cracks can be seen in the matrix from the fracture surface. That proves that the fibre/matrix 
bonding improved greatly when the coir fibre was treated with the wetting agent. 
3.6 Potential applications 
Due to its high performance in cementitious composites and low cost/performance ratio, 
nonwoven coir mesh provides potential applications as engineering reinforcement materials, such 
as: 
 Building cement board, CMRM can be used as house roofing cover, ceiling board, inner 
partition board. CMRM materials are much lighter than conventional mortar board; 
 Geotextiles, due to its inherent tension and longevity in biodegradation, woven coir mesh can 
be used for constructing low height embankments in soils [9]. Wetting agent and a small amount 
of cement will enhance this performance; 
 Road reinforcement, especially in some low grade country road, sidewalk or promenade which 
requires quick construction. 
4. Conclusion 
In this study, coir fibre meshes have been used in mortar as reinforcement materials. The effects 
of addition of coir mesh into cement matrix on the composite performance were investigated 
quantitatively. This paper confirmed that coir-mesh reinforced mortar (CMRM) composites have 
higher energy absorbing ability and ductility than conventional mortar. Cementitious composites 
reinforced by three layers of coir mesh (with a low fibre content WT=1.8%) result in a 40% 
improvement in maximum flexural stress, are 25 times stronger in flexural toughness, toughness 
index and about 20 times higher in flexural ductility. The coir mesh reinforced mortar composites 
can also achieve deflection hardening and multiple-cracking.  
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Multi-layer mesh composites have better flexural characteristics than single layer composites. 
They can provide good load sustention after the onset of cracking. 
There are some small gaps between fibres and matrix in the untreated coir mesh composites. As a 
result their performance is inferior to that of treated specimens. Wetting agent treated fibre tends 
to bind better with the matrix than raw fibre, leading to approximately 20% improvement in 
overall flexural characteristics. 
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Tables 
Table 1. Typical properties of coir fibre 
Diameter (µm) 270±73 
Length (mm) 50±10 
Tensile stress (MPa) 142±36 
Elastic Modulus (GPa) 2.0±0.3 
Elongation at break (%) 24±10 
Moisture content (20℃) (%) 10 
Water absorption ratio (100% Humidity) (%) 24 
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Table 2: Flexural properties of specimens 
Treatment 
– Mesh 
layers 
Fibre content 
by weight 
(≈%) 
Elastic 
Stress 
(MPa) 
Maximum
Stress 
(MPa) 
Toughness 
(Elastic Limit: 1D)
 (KJ/m2) 
Toughness 
(15.5D) 
(KJ/m2) 
Toughness 
Index 
(I30) 
Flexural 
Ductility 
(mm) 
REF 0.00 5.29±0.73 5.30±0.73 0.39±0.17 0.51±0.21 1.31±0.08 0.45±0.15
N-1 0.60 5.25±0.17 5.25±0.17 0.44±0.08 0.55±0.08 1.24±0.04 0.64±0.07
N-2 1.20 5.13±0.64 5.17±0.65 0.30±0.04 3.99±1.09 13.39±1.68 7.21±0.67
N-3 1.80 5.34±0.59 6.34±0.29 0.41±0.10 9.43±3.14 22.63±2.33 9.27±0.24
W-1 0.60 4.96±0.41 5.35±0.23 0.33±0.05 0.85±0.23 2.45±0.08 1.42±0.15
W-2 1.20 5.18±0.77 7.72±0.72 0.48±0.14 12.38±1.66 27.84±2.70 9.53±0.28
W-3 1.80 5.25±0.45 7.43±0.68 0.40±0.08 13.42±2.56 33.62±3.64 9.44±0.15
Note: N stand for no wet treatment; W stand for Albatex© FFC wetting agent treated. 
Figures 
Fig. 1: Casting method for the CMRM composite 
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Fig. 2: Load-deflection curves of 1 layer CMRMs 
and reference specimen 
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Fig. 3: Load-deflection curves of 2 layer CMRMs 
and reference specimen 
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Fig. 4: Load-deflection curves of 3 layer CMRMs 
and reference specimen 
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Fig. 5: Effect of mesh layers on the flexural stress 
of CMRM 
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Fig. 6: Effect of mesh layers on the toughness 
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Fig. 7: Effect of mesh layers on the toughness index 
(I30) and ductility 
Fig. 8: Multiple cracking behaviour of a three 
layer CMRM specimen 
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Fig. 9: SEM image of untreated coir fibre surface 
Fig. 10: SEM image of wetting agent treated coir 
fibre surface 
Fig. 11: Untreated CMRM after fracture 
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Fig. 12: Treated CMRM after fracture 
 
